One dimensional Bi2S3 nanorods have been successfully synthesized by a very simple reflux method with different precursor concentration for 2 hours at 180 °C. The as-synthesized Bi2S3 powders were characterized by X-ray diffraction (XRD), high resolution scanning electron microscope (HRSEM), high resolution transmission microscope (HRTEM), UV-Vis spectrometer, Fourier transform infrared (FTIR) spectrometer. X-ray diffraction (XRD) results show that the resulting nanocrystals have an orthorhombic structure. X-ray diffraction patterns indicate a polycrystalline nature and the crystallite sizes seem increase with increase in the concentration. The HRSEM and HRTEM images reveal that the diameter of the nanorods increase with increasing concentration of the precursor. Morphological analysis reveals that the as-prepared Bi2S3 nanorods can be tuned to morphology by varying precursor concentration from 0.01 M to 0.001 M. The bismuth nitrate, which is known to be a linear polymer, plays a critical role as a precursor and a template for the growth of uniform Bi2S3 nanorods. Bi2S3 nanorods are good absorbents of solar radiation and hence can be used in solar cells.
Introduction
Environmental problems associated with organic pollutants and toxic water pollutants provide the impetus for sustained fundamental and applied research in the area of environmental remediation. Recently, great expectations concerning the application of nanomaterials as promising materials for environmental safety have been rising. Various morphologies of nanostructures have been synthesized via diverse methods, which are expected to offer new opportunities for applications in the emerging fields of nanoscience and nanotechnology. The fine control of the fabrication of semiconductor nanocrystals [1] , metal nanocrystals [2] , and other inorganic nanomaterials [3] has attracted significant attention, which may add alternative variables in tailoring the properties of nanomaterials and provide more possibilities in fabrication of nanodevices. Due to the strong correlation between the properties of a materials and the shape, size, and structure of materials, designing and preparing novel nano and micro structured materials has been intensively pursued not only for fundamental scientific interest but also for their applications in various fields. Semiconductor nanocrystals have attracted great attention on their synthesis and characterization because of the unique size-and shape-dependent properties and could be widely used in photocatalyst, solar cell, lasers, biomedical probes, light emitting diodes, photoluminescence and optoelectronic devices, etc. [4] . Bismuth sulfide (Bi2S3) is a semiconductor of great interest because of its unique optical and electronic properties [5] . Bismuth sulfide (Bi2S3) nanoparticles can be used in various fields such as thermoelectric devices [6] , photovoltaics [7] , nonlinear absorption [8] , biomolecule detection [9] , photodiode array and infrared spectroscopy [10, 11] . Till date various morphologies of Bi2S3 such as nanorods [12] , nanoparticles [13] , nanowires and nanoflowers [14] , have been synthesized by using a variety of methods such as hydrothermal route [15] , precipitation [16] , and microwave irradiation [17] . Development of simple, effective and template-free methods for fabricating Bi2S3 nanostructure is of great importance to nanotechnology and remains a key research challenge.
It is generally accepted that low temperature synthesis in aqueous solutions is highly desirable because it represents an environmentally friendly approach of practical significance. Recently, Rong Chen et al., [18] have reported the large scale synthesis of bismuth sulfide nanorods by a microwave approach; using different reaction parameters like reaction time, surfactants, and solvents. Pengfei Hu et al., [19] have prepared Bi2S3 nanorods by a simple solvothermal route and their electrochemical hydrogen storage performance has been reported. A.J. Pal et al., [20] have reported the use of metal-semiconductor schottky junctions in a conjugated polymer matrix as solar cells. They have formed the Schottky junctions through an intimate contact between Bi2S3 nanorods and gold nanoparticles, following a one-pot synthesis route. Pallavi N.Sakariya et al., [21] have reported the preparation of Bi2S3 nanorods at room temperature. Zhendong Liu et al., [22] have synthesized Bi2S3 nanorods and nanoflowers by reflux process for flexible near infrared laser detectors and visible light photodetectors. They have reported that Bi2S3 nanorods based on visible light photodetector exhibits higher LDR value than other Bi2S3 based photodetectors. Bin Xue et al., [23] have prepared bismuth sulfide (Bi2S3) nanorods by gelatin assisted green solution process under microwave irradiation. They have reported that gelatin plays an important role for the formation of the Bi2S3 nanorods for changing the concentration in photoelectric nanodevices.
In this work, Bi2S3 nanorods have been prepared with different precursor concentration by reflux method. The products were characterized by for their fundamental properties and the effect of precursor concentration has been investigated. The results showed that the precursor concentration would affect the morphology of the resulting products remarkably.
Experimental Methods
All the reagents were of analytical grade and were used directly without further purification. In a typical experiment, 0.001 M of bismuth nitrate and citric acid were mixed with 0.003 M thiourea and 0.007 M cetyltrimethylammounium bromide in 100 mL of DMF. The mixture was stirred and sonicated until all the chemicals were dissolved. The mixture was refluxed at 180 °C for 2 hours with continuous stirring and after cooling down naturally to the room temperature, the mixture was centrifuged and the black color solid product was collected. The solid product was then washed several times in acetone and water. Finally, the solid product was dried in a hot air oven. In order to analyze the effect of precursor concentration, the same procedure was followed by increasing the bismuth nitrate concentration alone to 0.01 M. The synthesized samples were further characterized by power X-ray diffraction, HRSEM, EDAX, HRTEM, SAED, UV-Vis spectroscopy and Fourier-transform infrared spectroscopy. 
Results and Discussion

Structural Analysis
Uniform bismuth sulfide nanorods were obtained by simple reflux method as confirmed by the powder XRD pattern shown in Fig. 1 . The polycrystalline nature of the samples have been confirmed through the appearance of multiple peaks [24] . All the diffraction peaks can be readily indexed to the orthorhombic phase of the bismuth sulfide. The lattice constants a, b and c with values 11.14 Å, 11.30 Å and 3.98 Å respectively, are in the good agreement with the standard data (JCPDS card No. 170320). In Fig. 1 , the intensity of (0 4 0) peak is most intense as compared with the other peaks. This indicates that the orientation of the grain growth is preferably along (0 4 0) direction. The crystallite size of the Bi2S3 nanorods is determined from the XRD spectra by using Scherrer's formula, D = Kλ/cosθ, where, D is the average crystalline size, k is a constant whose value is typically 0.9 for non-spherical crystals, β is the full width at half maximum (FWHM) of the diffraction peak (in radians) that has the maximum intensity in the diffraction pattern, λ is the wavelength of incident X-ray beam (0.154184 nm), and θ is diffraction angle or Bragg angle. It is well known that the diffraction peak width is inversely proportional to the crystallite size. The grain size calculated for the samples prepared with 0.01 M and 0.001 M were found to be 36 nm and 33nm respectively. No impurities can be detected in these patterns which indicate that pure Bi2S3 can be obtained under the current synthesis conditions. 
Morphological Analysis
The effects of precursor concentration on the morphology of the prepared Bi2S3 samples were investigated through HRSEM and HRTEM analysis. The HRSEM micrographs of both the samples shows nanorod like formations (Fig. 2 (a and b) ). However, the samples prepared with higher concentration of 0.01 M shows plate like formation along with nanorods as shown in Fig. 2a . The EDAX pattern presented as insert image in Fig. 2b confirms the formation of Bi2S3. It also reveals the purity of the sample. The dimension of the nanorods as calculated from the HRTEM in Fig. 2(c  and d) were found to be 312 nm length and 131 nm breadth for sample prepared with 0.01 M whereas 69 nm length and 23 nm breadth for samples prepared with 0.001 M concentration. Images in Fig. 2(e and f) correspond to the SAED pattern of the samples. These images clearly reveal the good crystalline nature of the sample.
Optical Analysis
The optical properties of Bi2S3 nanorods were investigated using UV-Vis spectra. The optical bandgap (Eg) of the semiconductor material could be calculated from the equation of αhυ = A(hυ-Eg) n , where, α, υ, Eg and A were the absorption coefficient, light frequency, band gap energy and a constant, respectively. Moreover, n depends on the nature of transitions and may takes values as 1/2 and 2 for allowed direct and indirect transitions respectively. It is possible to determine the nature of the transitions involved by plotting the graphs of (αhυ) n versus (hυ) for the different values of n as described above. The bandgap may be estimated from the intercept of the extrapolating linear fit to the experimental data of the Tauc plot. Band gap estimated for the samples prepared with 0.01 M and 0.001 M concentrations were 1.84 eV and 1.85 eV respectively (Fig.  3) . The estimated bandgap were found to be very close to reported for Bi2S3 nanostructures [25, 26] . The higher values of the bandgap energy when compared with the corresponding bulk value can be attributed to the nanocrystalline nature of the sample. 
Functional Analysis
The composition and quality of the sample were analyzed by the FTIR spectroscopy. Fig. 4 (a and b) shows the FTIR spectra of the samples obtained for different precursor concentrations 0.01 M and 0.001 M respectively. The broad band at 3000-3600 cm -1 is the result of stretching of H2O, While the band at 1623 cm -1 correspond to the bending vibration of H2O [27] . Moreover, the peaks at 2925 cm -1 and 2853 cm -1 could be attributed to the characteristic asymmetric and symmetric stretching in C-H and N-H vibration of amino group [28] . The peaks at 1028 cm -1 and 763 cm -1 are for C-H in-plane deformation and out-of plane stretching, respectively [29] . The weak peak around 1356 cm -1 appearing in all the samples may be assigned to C-S and C-N stretching vibration [30] . A strong intensity band present in the region 567 cm -1 may be attributed to the symmetric and asymmetric vibrations of sulphur, while a medium intensity band in the region 460-403 cm -1 can be assigned to bismuth [31] .
Conclusion
High-quality Bi2S3 nanorods have been successfully prepared by a simple reflux approach with different precursor concentration. Reflux method is a convenient, mild, efficient and environmental friendly route for producing nanocrystalline metal sulfides. From the investigation on the effects of precursor concentration, it was concluded that the increase in the precursor concentration resulted in higher degree of crystallinity. The XRD pattern revealed that the prepared Bi2S3 nanocrystals are of orthorhombic phase and their sizes were in the range of 32 nm to 36 nm and the prepared samples exhibited a polycrystalline nature. The Bi2S3 nanorods prepared with a lower precursor concentration showed smaller sized rods having 23 nm diameter and 69 nm length. These nanorods also had narrow diameter distribution and high growth density. The vibrational behaviors of the bonds are further analyzed using FTIR and the strong peaks around 460 cm -1 and 567 cm -1 confirmed the formation of Bi2S3. Thus, this work sheds light on the factors that govern the growth of well-aligned Bi2S3 nanorod and gains access to the controlled fabrication of 1D alignment of other materials on its applications.
